Introduction
China 1 has attracted a great many of FDI since the reform and open up. Until the end of December, 2009, there were 683 247 authorized FDI industrial projects, which employed USD 944.4 billion in practice. FDI and foreign industries play an important role in China's economy. It can be seen that the increasing FDI is accompanied with the more and more serious environmental pollution. It is necessary to investigate the relations between FDI and environmental regulation that has great theoretical and practical significance. The current literature in this area mainly focuses on the discussion of how environmental regulations would affect FDI. Some argue if there exists a trend that the foreign direct investments tend to be accompanied with the industries transfer from the site under strict environment regulation to the site under loose regulation. The supportive view is "hypothesis of pollution haven" (Walter and Ugelow, 1979) . Baumol and Oates (1998) systematically prove hypothesis of pollution haven in theory, taking the view that the developing countries would gather the serious pollution industries if they adopt the loose regulation policy. Xing and Kolstad (2002) find the loose regulation countries attract direct investment from the U.S, but only limited to the serious pollution industries. Meanwhile, some researchers (e.g., Friedman, 1992) consider that environmental regulation has no direct negative effect on FDI, sometimes even has positive effect. Cole and Elliott（2005）discover that the "pollution haven" most possibly appears in © 2011 Prague Development Center countries where comparative advantages are completely determined by the strengthening of environmental regulation. However, these countries may not have enough capital accumulation which can attract the foreign pollution-relied industries. Ederington（2006）find the U.S pollution-relied industries did not significantly shift to the developing countries as seen from statistics between1974 and 1994. Current Chinese researches mainly focus on discussing the times series models, crosssection data models and panel data models, and the conclusions differ among these researches. Ying and Zhou (2006) claim that the relation between environmental regulation and FDI fits the "hypothesis of pollution haven" after analyzing the time series model (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) and panel data model (2000) (2001) (2002) (2003) . Yang (2003) employs a panel data model using the data from 1998 to 2001. Wu (2007) also employs a panel data model but uses the data of 30 provinces of mainland China (except Tibet) in successive 7 years (1998) (1999) (2000) (2001) (2002) (2003) (2004) . Both of them find out that the environmental regulation indeed has a negative effect on FDI in some extent. Chen (2009) employs a province-level panel data of China from 1994 to 2006, and claims that the environmental regulation has significant restraining effect on FDI. After discussing the above approaches, we can find that there exist some aspects requiring deeper research the relationship between environmental regulation and FDI. Firstly, most approaches chose a single index to illustrate environmental regulation which causes deviations when analyzing the relationship between environmental regulation and FDI. Secondly, the economic theory models used by most researchers still need to be improved. Therefore, it is difficult to construct a model containing all influencing factors when studying the relationship between environmental regulation and FDI. But vector autoregressive model (VAR) presented by Sims (1980) provides a simple alternative method, as it can better be used to analyze the dynamic influence among the variables. Compared to simultaneous equations and CGE model estimation method, VAR model has the following advantages: all the variables in VAR model are treated as endogenous variables and they are placed into equations symmetrically. The variables are less constrained by the current theories; and the model can be used to analyze the long-term dynamic influence among variables. The model can avoid the problem of missing variables. Besides, we usually adopt generalized impulse response function (GIRF) to achieve the object that better describes the economic meaning of VAR model results. Therefore, this paper employs the VAR model, uses two kinds of Chinese environmental regulation indexes in 1985-2009 to investigate the two-way dynamic influence between environmental regulation and FDI. There are two principal research purposes in this paper. On the one hand, we are going to depict the long-term dynamic effects between environmental regulation and FDI based on investigating the dynamic impact response between environmental regulation and FDI using generalized impulse response function; On the other hand, we are going to employ variance decomposition technique to investigate the relative importance in explaining the changes of environmental regulation and FDI.
Econometrics method, data source and processing

Econometrics method
This section employs impulse response function of VAR model to construct econometrical model which is used to analyze the two-way dynamic relationship between environmental regulation and FDI.
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Generalized impulse response function (GIRF)
Vector autoregressive models emphasize the dynamic effects exerted by a certain impact to the system. VAR models use impulse response function to depict an endogenous variable's response to a unit change of another endogenous variable, and provide the information on the direction of response, the lags of adjustment, and the stabilization process. Cholesky decomposition presented by Sims (1980) is the most popular method. However, the results of this method seriously depend on the order of the variables. Hence, this paper adopts generalized impulse response function (GIRF). The results of GIRF can depict FDI's dynamic process caused by the changes of different environmental regulations. The basic framework of GIRF can be illustrated by ) 2 ( VAR model as follows: 
setting the initial disturbance term
. Afterwards both equal zero. Then the disturbance given in the initial stage will constantly pass to the following stages. We can get ,... , , ,
, which is the impulse function. Similarly, we can get
, which is the response function. The above impulse response processes can clearly capture the system response to special impact.
Variance decomposition theory
According to the representation of ) (∞ ∞ ∞ ∞ VMA , Sims (1980) puts forward the variance decomposition theory:
The content in each bracket represents sum effect of the j-th disturbance j ε on t y from the infinite past to now. Supposing t ε sequences are independent, we can solve out its variance and get the following equation:
The result, represented by variance, shows the total effect of the j-th disturbance on the ith variable from the infinite past to now. Besides, assuming covariance matrix of disturbance term vectors is diagonal matrix, we can get i y 's variance by simply summing the k terms of the above covariances.
y 's variance can be decomposed to k kinds of different effects. Hence, to determine how much each disturbance affect the variance of i y , we define the following measure:
RVC is the contribution of relative variance, in another words, we investigate how the jth variable affect the i-th variable through
, but if the model fits stationary condition,
would present geometric decrease as variable q increases. Therefore, we only need to adopt finite s terms.
Indicator selection and data sources
In the empirical studies examining relationship between environmental regulation and FDI the following indicators are adopted to illustrate the environmental regulation: effluent charge (fee) and ratio, completed investment of pollution treatment projects in current year, management efficiency of the three wastes (waste gas,waste water and industrial residue), etc. Considering the availability of data, this paper adopts effluent charge (fee) and ratio, completed investment of pollution treatment projects current year to measure environmental regulation. Pollution charge payment per enterprise (LNPDF) is calculated by pollution charge levy dividing the number of payment enterprises (unit: ten thousand RMB per enterprise). Completed investment of pollution treatment projects in current year (LNPAF) means the amount of actual capital used by environmental projects current year (unit: one hundred million RMB). Both of them have timing length ranging from 1985 to 2005. All data are obtained or calculated through "China InfoBank"，"China's environmental statistics compilation"（1981-1990）and corresponding issues of "China environment yearbook". The initial data of Foreign Direct Investment are measured in dollars, the Foreign Direct Investment (LNFDI) in this paper are calculated by the foreign direct investment inflows multiplying the mid-point-rate (unit: one hundred million RMB). The timing length of LNFDI is from 1985 to 2009, and all data are obtained from "China InfoBank" and corresponding issues of "China environment yearbook". It is easy to get a stationary sequence after taking natural logarithm on time series data, which also can keep the characteristics of time series. For this reason, the empirical analysis in this paper employs the natural logarithm values of variables.
Unit root test and cointegration test of variables
In the real economy, many economic variables are nonstationary time series. We will get a spurious regression if we simply employ nonstationary variables, which cause the failure of Table 1 , we notice that all of the initial series are nonstationary. However, their first-order differences are stationary. So these variables are I(1) process and satisfy the necessary condition of cointegration test. It will give rise to spurious regression if we construct a regression on non-stationary variables. However, some kind of linear combination of several I(1) sequences may be stationary, which means there exists a long-term equilibrium of relationship. Based on unit root test, this paper employs Johansen likelihood ratio test to conduct cointegration test of variables groups. According to AIC and SC, we let the lags of each variable group be 3. The results are in Table 2 . According to Table 2 ,the variables groups of LNFDI and LNPDF, LNFDI and LNPAF are cointegrated at 5% significance level with cointegration number 1.Therefore ,we think this two groups has the unique cointegration relationship, which means there exists a long-term equilibrium relationship among variables.
Impulse response analysis of environmental regulation and FDI
In this part, we use GIRF to investigate the FDI's impact responses caused by two kinds of regulation indicators. The impact standard deviation is get by Monte Carlo simulation. We let the impact response period be 8 in consideration of sample data capacity. The results are shown in Table 3 . 
Pollution charge payment per enterprise (LNPDF) and Foreign Direct Investment
Firstly, from the first column of Table 3 and Figure 1 , we find the response curve of LNPDF and LNFDI's unit impact appears U-shape in the whole impact response period, the response value of LNPDF is positive in current period. Afterwards, it gradually decreases; then gradually increases during 4th-8th periods; the accumulated response value of LNPDF reaches 0.404472, and LNFDI impact of current period affects LNPDF positively. Secondly, the impact response curve of LNFDI to LNPDF appears N-shape, response of LNFDI is positive and gradually increases in the first three periods; then deceases during 4th-6th periods, and increases in the last two periods. The accumulated response value of LNPDF reaches 0.404472, which means that the increase of FDI has positive influence to pollution charge payment per enterprise (LNPDF). In reverse, the increase of pollution charge payment per enterprise (LNPDF) also has positive influence to FDI.
Completed investment of pollution treatment projects current year and FDI
From the 3th and 4th columns of Table 3 and Figure 1 , we know: the impact response of LNPAF to LNFDI appears N-shape, the impact response of LNPAF is negative and gradually decreases in the first two periods; it is negative and gradually increases in 3th,4rh periods, then gradually decreases in the 4th-8th periods. Its accumulative impact response value is -0.145667. Different to the impact response curve of LNPAF to LNFDI, the impact response curve of LNFDI to LNPAF appears inverse U-shape, which means the impact response of LNFDI to LNPAF is negative in current period, and gradually increases in the following two periods, then decreases in 4rh period, gradually increases in 5th-8th at last. Its accumulated response value is 0.460168. We can draw the following conclusions after discussing the impact response results of two kind environmental regulation indicators to FDI. Firstly, there are two types of impact response of two kind of regulations to LNFDI: Ushape (pollution charge payment per enterprise) and N-shape (completed investment of pollution treatment projects current year). The method employed in this paper is distinct from the regression analysis employed in current studies. Therefore, the economic significance of "environmental regulation -FDI" depicted in this paper is also different from the current researches, the regression analysis focuses on the stationary effects, the generalized impulse response function method employed in this paper emphasizes on the dynamic effects in the economic system where environmental regulation and FDI influence each other. The result in Figure 2 partly proves the "hypothesis of pollution haven", for the FDI gradually decrease along with the increase of completed investment of pollution treatment projects. Besides, Figure 2 shows that the increase of pollution charge payment per enterprise would promote the increase of FDI, which is mainly because paying pollution fee is more economical when facing a low pollution tax. Hence, they would rather pay pollution fee than treat pollution. There were calculated cumulative impact response values of environmental regulation indicators and during 8 periods: the higher one is pollution charge payment per enterprise (0.891224), the other one is completed investment of pollution treatment projects current year (-0.145667). Secondly, by observing the impact response curves in Figure 3 , we can found that the impact response of FDI to environmental regulation is positive in most of the time, despite of the two curves are different. There were calculated the cumulative impact response values of FDI to two types of regulations: the higher is pollution charge payment per enterprise (0.404472), the other one is completed investment of pollution treatment projects current year (0.460168). We can verify that environmental regulation has positive effects to FDI according to the impact response curve of FDI to environmental regulation, which means the policy intervention and industrial structural adjustment would give rise to external pressure to regulation standard. Another interesting conclusion showed in Figure 3 is that the impact response has obvious hysteresis effect, impact response effect becomes more and more strong along with the impact period extends.
FIGURE 2. THE IMPACT RESPONSE CURVE OF ENVIRONMENTAL REGULATION TO FDI FIGURE 3. IMPACT RESPONSE CURVES OF FDI TO ENVIRONMENTAL REGULATION
Response curves of FDI to environmental regulation
According to variance decomposition theory, in this part we measured the mutual contribution of environmental regulation and FDI. The results are shown in Table 4 . According to the results of variance decomposition, we can find that FDI play a relatively important role in explaining the estimation of each environmental regulation. FDI contribute the variance of pollution charge payment per enterprise over 6.89%, while it explains over 3.9% in variance of completed investment to pollution treatment projects in current year. This result depicts the dynamic relationship between FDI and environmental regulation since 1985. FDI bring the worse ecology quality along with becoming the basic driving factor in China's economic growth. However, in the wake of economic globalization and improvement of people's living quality, the governments at all levels and the public demand a better environment which rises environmental regulation standard. Thus, the study demonstrates that regulation's contribution of estimated variance explanation is lower than contribution of FDI. The estimated variance contribution of pollution charge payment per enterprise to FDI is 2.1%, and the estimated variance contribution of completed investment of pollution treatment projects current year to FDI is only 1.52%.
Conclusion
Different to currents methods used to analyze the relationship of "environmental regulation and FDI," this paper employs impulse response function of VAR model and estimation variance decomposition method to investigate the two-way dynamic relationship between environmental regulation and FDI during 1985 to 2009. The result of generalized impulse response shows, on the one hand, that environmental regulation is an important factor influencing FDI. On the other hand, FDI has positive effect to environmental regulation. The impact effects of environmental regulation exerting to FDI become less and less in long-term that verifies "hypothesis of pollution haven". The inverse U-shape curve of "environmental regulation -FDI" depends on the choice of regulation indicators. Furthermore, the positive impact response shows that the inflows of FDI would cause the deterioration of ecology and the subsequent interference of governments which gives pressure to the transformation of environmental regulation standard. This feedback mechanism usually has certain lag effects, so the feedback effect of FDI exerting to environmental regulation often appears after certain periods.
The result of variance decomposition shows that FDI play an important role in the estimated variance of environmental regulation; this means we need to pay attention and tale measures to promote the positive effects of FDI exerting to environmental regulation. On the other hand, the estimated variance contribution of environmental regulation exerting to FDI is relatively low. Considering some governments use none environmental regulation to attract FDI, which would cause a worse environmental condition, we must pay enough attention to the importance of environmental regulation. To avoid the case of "regulation race to the last", it is necessary to reform the environmental management system and to build a effective one.
